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The question of how best to protect the human population against a 
potential influenza pandemic has been raised by the recent outbreak caused 
by an avian H5N1 virus in Hong Kong. The likely strategy would be to 
vaccinate with a less virulent, laboratory-adapted H5N1 strain isolated 
previously from birds. Little attention has been given, however, to 
dissecting the consequences of sequential exposure to serologically related 
influenza A viruses using contemporary immunology techniques. Such 
experiments with the H5N1 viruses are limited by the potential risk to 
humans. An extremely virulent H3N8 avian influenza A virus has been used to 
infect both immunoglobulin-expressing (Ig+/+) and Ig-/- mice primed 
previously with a laboratory-adapted H3N2 virus. The cross-reactive 
antibody response was very protective, while the recall of CD8(+) T-cell 
memory in the Ig-/- mice provided some small measure of resistance to a 
low-dose H3N8 challenge. The H3N8 virus also replicated in the respiratory 
tracts of the H3N2-primed Ig+/+ mice, generating secondary CD8(+) and 
CD4(+) T-cell responses that may contribute to recovery. The results 
indicate that the various components of immune memory operate together to 
provide optimal protection, and they support the idea that related viruses 
of nonhuman origin can be used as vaccines. 
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The control and eventual eradication of H5N2 influenza virus from 
domestic poultry in Mexico is dependent on the use of avian influenza (AI) 
vaccine strategies. This study was performed to determine the amount of 
hemagglutinin (HA) antigen required to control the signs of disease from a 
highly pathogenic H5N2 influenza virus (A/Chicken/ Queretaro/ 19/95 ) and the 
amount of antigen required to prevent shedding of virus from vaccinated 
birds . Six commercial inactivated water in oil H5N2 vaccines available in 
Mexico were compared with standardized vaccines to assess their efficacy. 
The amount of HA required to prevent the signs of disease from 
A/Chicken/Queretaro/19/95 influenza virus was approximately 0.4 microgram 
per dose. Each of the six commercially available vaccines prevented disease 
signs, and half of the vaccines significantly reduced viral shedding from 
vaccinated birds. There is a need for standardization of AI virus vaccine, 
and the antigen content should be increased in some of the commercially 
available AI vaccines in Mexico. 
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Virosomal vaccines were prepared by extracting hemagglutinin (HA) and 
neuraminidase from influenza virus and incorporating it in the membranes of 
liposomes composed of phosphatidylcholine. Two intranasal spray vaccine 
series were prepared: one series comprised 7.5 micrograms of HA of each of 
u Stra ^ ns recommended by the World Health Organization and 1 microgram 
wfthnn^^i 13 t heat-labile toxin (HLT) , and the other contained the HA 
without HLT. in addition, a third vaccine preparation contained 15 
micrograms of HA and 2 micrograms of HLT. The parenteral virosomal vaccine 
contained 15 micrograms of HA without additional adjuvant The 
immunogenicity of a single spray vaccination (15 micrograms of HA'and 2 
micrograms of HLT) was compared with that of two vaccinations (7 5 
micrograms of HA with or without 1 microgram of HLT) with an interval of'l 
week in 60 healthy working adults. Twenty volunteers received one 
parenteral virosomal vaccine. Two nasal spray vaccinations with 
HLT-adnuvanted virosomal influenza vaccine induced a humoral immune 
response which was comparable to that with a single parenteral vaccination. 
A significantly higher induction of influenza virus-specific immunoglobulin 
A was noted in the saliva after two nasal applications. The immune response 
It t <\ Sln 9 le spray vaccination was significantly lower. It could be shown 
that the use of HLT as a mucosal adjuvant is necessary to obtain a humoral 
immune response comparable to that with parenteral vaccination. All 
vaccines were well tolerated. 
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Three split-virion vaccines (Vaxigrip, Begrivac, and Inf lusplit/Fluarix) 
and three subunit vaccines containing only viral surface glycoproteins 
(Influvac, Agrippal, and Fluvirin) available for the 1994-95 season were 
analysed by biological, molecular, and biochemical methods. Although all 
vaccines are required by health authorities to contain 15 micrograms 
haemagglutinin per dose, .of each virus strain, there were significant 
differences in haemagglutination titres among the examined vaccines of both 
types. The enzymatic activity of neuraminidase was present in all vaccines 
except Fluvirin. Total protein content was lower for subunit vaccines. 
Viral nucleoprotein was detected in all split vaccines but to varying 
levels according to SDS-PAGE and Western blot analyses. The ovalbumin 
content was low in general but was about tenfold higher for Influvac than 
for the other vaccines analysed. This protein may induce hypersensitive 
reactions among persons with severe egg allergy. All three split-virion 
vaccines were found to contain the matrix protein; however, it was not 
detected in the subunit vaccines. Differences in influenza antigen variety 
in currently available vaccines may affect efficacy, whereas differences in 
concentrations of nonviral compounds such as ovalbumin and endotoxin may 
lead to different postvaccination reactogenicity profiles. 
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The reactogenicity and immunogenicity of purified influenza virus 
hemagglutinin (HA) vaccines administered intramuscularly were evaluated in 
two placebo-controlled clinical trials. A total of 139 healthy young adults 
were randomized to receive increasing doses of monovalent influenza 
A/Taiwan/1/86 (H1N1) virus HA (range, 0 to 405 micrograms per dose [study 
1] ) . An additional 139 subjects were given increasing doses of a trivalent 
HA vaccine containing equal amounts of A/H1N1 virus, A/Shanghai/16/ 89 
(H3N2) virus, and influenza B/Yamagata/16/88 virus HA (range, 0 to 135 
micrograms of HA per strain, 0 to 405 micrograms per dose) or a standard 
dose of commercial influenza vaccine (study 2) . Increasing doses of HA were 
associated with increasing frequencies of symptoms at the vaccination site 
early after vaccination, but all doses were well tolerated. Occurrence of 
systemic symptoms was unrelated to dose. Increasing the dose of HA resulted 
in increasingly higher postimmunization levels of serum hemagglutination 
inhibiting and neutralizing antibody levels versus influenza A/H1N1 virus 
in study 1 (P < 0.05); these enhanced responses persisted for up to 6 
months. Nasal secretory immunoglobulin A and G antibody responses were 
assessed 2 weeks after immunization with monovalent H1N1 virus HA; the 
frequencies of significant responses also increased in a dose-related 
fashion. Similar increases in serum antibody levels were noted for both 
A/H1N1 and A/H3N2 viruses in study 2. These data provide a basis for 
proceeding with the evaluation of high doses of purified HA in the elderly. 
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A new H3N8 equine influenza virus [A/Equine/ Jilin/ 1/8 9 (Eq/Jilin) ] 
appeared in Northeastern China in 1989 and caused high mortality in horses; 
the available evidence indicates that it has not yet spread outside this 
region of the world. Serological analysis with postinfection ferret sera in 
haemagglutination inhibition (HI) tests confirmed that Eq/Jilin is 
antigenically distinct from H3N8 equine influenza viruses isolated between 
1963 and 1991 and also showed that a current equine influenza virus 
[A/Equine/Alaska/1/91 (H3N8)] had undergone antigenic drift. In the present 
study we determine if vaccine against a recent H3N8 influenza virus 
[A/Equine/Kentucky/1277/90 (Eq/Kentucky) ] that was standardized for 
haemagglutinin content will protect mice against lethal challenge with the 
new H3N8 influenza virus from China. Complete protection is defined as 
prevention of virus replication in the lungs of mice 3 days after 
challenge. High doses of Eq/Kentucky vaccine in aqueous suspension (0.5-5.0 
micrograms HA per .dose) provided minimal protection against Eq/Jilin 
challenge as judged by virus titres in the lungs of vaccinated animals. 
Eq/Kentucky vaccine in adjuvant (1.0-5.0 micrograms HA per dose) did 
provide complete protection against challenge with Eq/Jilin in mice. 
Eq/Jilin vaccine in aqueous suspension induced complete protection of mice 
against challenge with Eq/Kentucky at doses from 0.5 to 5 micrograms HA and 
in adjuvant doses of Eq/Jilin from 0.1-5.0 micrograms HA were efficacious. 
Homologous protection against Eq/Jilin or Eq/Kentucky was induced by doses 
of vaccine from 0.5-5.0 micrograms HA per dose in aqueous suspension and 
from 0.01-5.0 micrograms HA per dose in adjuvant. (ABSTRACT TRUNCATED AT 250 
WORDS) 
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Serological responses to three bivalent aqueous equine influenza vaccines 
of different potency and an adjuvanted bivalent vaccine containing 
inactivated A/equine/Prague/56 (H7N7) and A/equine/Miami/63 (H3N8) viruses, 
were examined in seronegative ponies. Potencies of the vaccines, measured 
by single-radial-diffusion tests, ranged from 4 to 56 micrograms of 
haemagglutinin (HA) antigen activity/virus strain per dose. Serological 
responses to vaccination were examined by haemagglutination-inhibition (HI) 
and single-radial-haemolysis (SRH) tests. Four weeks after a primary dose, 
HI responses to both vaccine viruses were barely detectable; after a second 
dose the HI responses to A/Miami/ 63 virus were low or undetectable but HI 
responses to A/Prague/56 virus were higher (17/20 ponies with titres 
greater than or equal to 1:16). In contrast SRH tests revealed dose-related 
antibody responses to both virus strains after one and two vaccine doses; 
levels after the second dose were 2- to 5-fold higher than after the 
primary dose. Highest post-vaccination antibody titres were obtained with 
the adjuvanted vaccine which contained 2- to 4-fold less antigen (13-23 
micrograms HA) than the most potent aqueous vaccine. Post-vaccination 
antibody reacted well in SRH tests with recent antigenic variants of equine 
influenza virus. A remarkable finding was the high rate of decline in 
antibody, detected by HI or SRH tests, following one or two doses of 
vaccine. Even in animals with the highest post-vaccine antibody levels 2-4 
weeks after a booster dose, antibody levels had declined to low or 
indetectable levels 14 weeks later. The low antibody titres detected at 
14-32 weeks after vaccination were nevertheless vaccine dose-related. 
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Vaccination against influenza is considered to be one of the key 
interventions in case of a pandemic. Unfortunately, shortages in vaccine 
supplies will occur because of the substantial increase in vaccine demands 
worldwide and the limited available supply resources. The recommended use 
of monovalent — instead of current trivalent — vaccines containing 15 micro g 
hemagglutinin (HA) per dose can theoretically triple vaccine volumes but is 
unlikely to meet the demand. Furthermore, previous experiences demonstrated 
that one dose of 15 micro g HA will not be sufficient to elicit protective 
antibody levels in unprimed individuals. Modified formulation approaches 
were investigated, that would be suitable to provide significantly higher 
volumes of potent vaccine within a given period of time. Low doses of HA 
combined with aluminum (Al) adjuvants and the use of whole virus instead of 
split or subunit antigens can lead to substantial increases in process 
yield. In addition, production of whole virus vaccines will reduce 
manufacturing complexity. In a dose-finding study in healthy adults and 
elderly, immune responses after administration of Al-adjuvanted low-dose 
formulations were compared to a standard split virus vaccine (Fluarix, 
GlaxoSmithKline Biologicals, Rixensart, Belgium) . All vaccines were safe 
and well tolerated. Antigen concentrations as low as 1.9 micro g HA/strain 
per dose of adjuvant-containing experimental vaccines induced protective 
antibody levels in primed populations . Reactogenicity profiles of 
Al-adjuvanted low-dose vaccines were investigated in a feasibility trial. 
Neither the use of Al-adjuvant nor of whole virus had a significant effect 
on general reactions. Studies in unprimed populations with H2N2 and H9N2 
candidate vaccines showed different results, with a potential need for a 
two-dose schedule. Indeed, hemagglutination inhibition titers did not reach 
protective levels after a single vaccine dose but could be met following 
administration of a second dose. The same is true for Al-adjuvanted whole 
virus formulations with an up to eightfold- reduced antigen content. It may 
be concluded that the use of Al-adjuvanted whole virus vaccines with low HA 
content can raise protective antibody levels after two vaccine doses, which 
may, in turn, result in significant increases of vaccine supplies in the 
case of a pandemic. 
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Inactivated influenza virus vaccines (IWs) are used for prevention of 
influenza and its complications. Present vaccines are immunogenic, of low 
reactogenicity, and protective, but protection has varied between 0% and 
100%. Increasing the dose of hemagglutinin and neuraminidase antigens with 
purified proteins significantly increased serum and nasal antibody 
responses; however, trials with newer adjuvants have not shown increased 
serum antibody to levels comparable with those in earlier studies using oil 
emulsion adjuvants. IgA antibody responses in respiratory secretions were 
enhanced by the respiratory administration of IWs, but IWs by the oral 
route yielded varying results. IWs appeared less effective for pandemic 
influenza in 1968 than in 1957. Since IWs will be the major preventative 
measure for pandemic influenza in most countries, they need to be improved 
to provide better protection against pandemic and interpandemic influenza. 
Increasing the doses of hemagglutinin and neuraminidase, using adjuvants or 
immunomodulators, and administering IWs by the mucosal route could improve 
the performance of these vaccines. (49 Refs.) 
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